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Abstract 
Obtaining the features of human body micro-thermal environment is the basis for assessing indoor human thermal comfort. As to 
a typical building space, distribution of air temperature on 0.2 m front and back of human body, different height indoor air 
temperature that 0.2m away from the ventilation outlet, globe temperature and wall temperature under displacement ventilation 
were tested in this study. The results show that, from human foot to the head region, both front and back of human body 
temperature emerge a trend of rise firstly but fall then. The temperature peaks of back and front human body appear at the height 
of about 1.6m and 1.2m, respectively. Meanwhile, the temperature that 0.2m away from the ventilation outlet shows a significant 
fluctuation along the height direction. Wall temperature and globe temperature are mainly affected by the heat gain from human 
body and supply air temperature. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
Investigations concerned show that people spend ninety percent time of each day for indoor studying or working 
in modern society. As a building, providing a well thermal comfort environment is very important. It not only makes 
people feel comfortable and increases work efficiency but affects building energy consumption and building 
sustainability. Meanwhile, demand of thermal comfort is getting higher and higher in recent years. Traditional 
ventilation and air conditioning systems are becoming more and more difficult to meet the growing demands of 
indoor thermal comfort requirements. However, displacement ventilation is being widely studied and used because 
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of its more reasonable and effective ventilation system and the advantages of thermal comfort and energy saving. 
In connection with thermal comfort, Dusan Licina (2014) conducted experiments to characterize human 
convective boundary layer in a quiescent indoor environment [1]. He stated the variation characteristics of 
convective heat transfer coefficient under the condition of different heat gain from human body. Lewis et al. (1969) 
conducted a systematic analysis of the air movement in the vicinity of the human body[2]. They described distinctly 
the movement characteristics of air flow near the human body with the aid of Schlieren photography and hot wire 
anemometer. Zukowska et al. (2008) documented how important human convection flow was for indoor air quality, 
thermal comfort and spread of airborne diseases in the indoor environment[3]. Bolashikov et al. (2011) used Particle 
Image Velocimetry to study the strength of the human convective boundary layer and its interaction with 
personalized ventilation jet[4]. Salmanzadeh (2012) and Gao (2004) studied related indoor thermal comfort models 
and came up with a numerical model that calculates the thermal plume flow of micro-environment surrounding 
human body[5][6]. Giannopoulou (2014) used statistical methods to calculate the distribution of Humidex values, 
the spatial distribution of the probabilities of discomfort conditions and the persistence of hours with great or more 
discomfort conditions[7]. Papanastasiou (2015) determined the variation of the daily maximum hourly value of 
Thom discomfort index in order to investigate the effect of extreme hot weather on people thermal comfort[8]. 
Moreover, the values of the common air quality index and Tom discomfort index were comparatively assessed so as 
to investigate their synergy under extreme hot weather. It can be found from previous studies that there is lacking 
related research on the features of human body micro-thermal environment, which is the basis for assessing indoor 
human thermal comfort. Therefore, the features of human body micro-thermal environment is determined by 
measuring the distribution and variation characteristics of air temperature nearby human body surface, indoor 
temperature, wall temperature in the room and globe temperature under displacement ventilation in this paper. 
2.Methods 
The experimental space size studied in this paper was 2.5 m (X) × 2.3 m (Y) × 1.5 m (Z), as shown in Figure 1. 
Both the inlet and outlet sizes of displacement ventilation were 0.3m × 0.3m. The distribution and variation 
characteristics of temperature nearby human body surface, indoor air temperature, globe temperature and wall 
temperature under different ventilation airflow rate, supply air temperature and heat gain from human body were 
measured. 
 
 
Fig. 1. The experimental system 
Supply air velocity was set as 0.1m/s, 0.2m/s, 0.3m/s, respectively. Supply air temperature was set as 18ć, 19ć, 
20ć, correspondingly. The heat gain from human body was set as 35W, 100W, 170W, respectively. The thermal 
manikin model had height of 180 cm and was placed in the middle of the room. Thermocouple measuring points, 
totally number of 20, were arranged on 0.2m front and behind of the human body. The interval between temperature 
measuring points was 0.2m along the height direction. Indoor temperature measuring points, totally number of 10, 
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were arranged on 0.2m from outlet in horizontal distance. The interval between temperature measuring points was 
also 0.2 m along the height direction. The formation mechanism of human micro-thermal environment and 
characteristics of human thermal comfort were analyzed for different ventilation airflow rate, supply air temperature 
and heat gain from human body. 
3.Results and Discussions 
The test results are shown in Figure 2 to Figure 5. From human foot to the head region, both front and back of 
human body temperature emerge a trend of rise firstly but fall then. The temperature peaks of back and front human 
body appear at the height of about 1.6 m and 1.2 m, respectively. Meanwhile, the temperature that 0.2 m away from 
the ventilation outlet shows a significant fluctuation along the height direction. Wall temperature and globe 
temperature are mainly affected by the heat gain from human body and supply air temperature. When the heat gain 
and the airflow temperature are greater, the wall temperature and globe temperature will be higher. 
3.1Impact of micro-thermal temperature 
The results shown in Figure 2 are the variation characteristics of temperature 0.2 m front and back side of the 
human body under different supply air velocity and the same supply air temperature of 19 ć and the heat of human 
body of 170 W.  
 
 
Fig. 2. The contrast of human body micro-thermal environment under different ventilation airflow rate 
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Fig 3. The distribution of human body micro-airflow environment under displacement ventilation 
It can be seen from the Figure 2 that, from human foot to the head region, both front and back of human body 
temperature emerge a trend of rise firstly but fall then. The temperature peaks of front and back human body appear 
at the height of about 1.2 m and 1.6 m, respectively. This reason for the phenomenon is that effecting the 
distribution of air temperature on 0.2 m front and behind human body are natural convection induced by human 
thermal plume and forced convection induced by supply air jet flow. The natural convection induced by human 
thermal plume flows upwards gradually because of buoyancy and forced convection induced by supply air jet flow 
flows upwards because of higher temperature, as shown in Figure 3. The human thermal plume of front and behind 
human body begins to be weakening at different height. Therefore, the temperature peaks of front and back human 
body appear at different height. 
 
 
Fig 4. The contrast of human body micro-thermal environment under different supply air temperature 
The results shown in Figure 4 are the variation characteristics of air temperature 0.2 m front and back side of 
human body under different supply air temperature and the same supply air velocity of 0.2 m/s and the heat of 
human body of 100 W. It can be seen from the Figure 4 that, from human foot to the head region, both front and 
back of human body temperature emerge a trend of rise firstly but fall then. The temperature peaks of front and back 
human body appear at the height of about 1.2 m and 1.6 m, respectively. This reason for the phenomenon is that 
effecting the distribution of air temperature on 0.2 m front and behind human body are natural convection induced 
by human thermal plume and forced convection induced by supply air jet flow. The natural convection induced by 
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human thermal plume flows upwards gradually because of buoyancy and forced convection induced by supply air 
jet flow flows upwards because of higher temperature. The human thermal plume of front and behind human body 
begins to be weakening at different height. Therefore, the temperature peaks of front and back human body appear at 
different height. According to related experiments, the variation characteristics of temperature 0.2 m front and back 
side of human body under floor perforated panel ventilation appear similar results. However, the temperature 0.2 m 
front side of human body under mix ventilation shows a significant fluctuation along the height direction while the 
temperature peaks of 0.2 m back side of human body under mix ventilation appear at respiratory region. Meanwhile, 
when the supply air temperature is higher, both front and back of human body temperature are higher. This is 
because forced convection induced by supply air jet flow has higher temperature when the supply air temperature is 
higher. 
 
 
Fig 5.  The contrast of human body micro-thermal environment under different heat gain from human body 
The results shown in Figure 5 are the variation characteristics of air temperature 0.2 m front and back side of the 
human body under different heat gain from human body and the same ventilation airflow rate of 0.3 m/s and supply 
air temperature of  19ć. It can be seen from the Figure 5 that, from human foot to the head region, both front and 
back of human body temperature emerge a trend of rise firstly but fall then. The temperature peaks of front and back 
human body appear at the height of about 1.2 m and 1.6 m, respectively. This reason for the phenomenon is that 
effecting the distribution of air temperature on 0.2 m front and behind human body are natural convection induced 
by human thermal plume and forced convection induced by supply air jet flow. The natural convection induced by 
human thermal plume flows upwards gradually because of buoyancy and forced convection induced by supply air 
jet flow flows upwards because of higher temperature. The human thermal plume of front and behind human body 
begins to be weakening at different height. Therefore, the temperature peaks of front and back human body appear at 
different height. According to related experiments, the variation characteristics of temperature 0.2m front and back 
side of human body under floor perforated panel ventilation appear similar results. However, the temperature 0.2m 
front side of human body under mix ventilation shows a significant fluctuation along the height direction while the 
temperature peaks of 0.2m back side of human body under mix ventilation appear at respiratory region. Meanwhile, 
when the heat gain from human body is greater, both front and back of human body temperature are higher. This is 
because natural convection induced by human thermal plume becomes stronger when the heat gain from human 
body is greater. 
3.2Impact of indoor temperature 
The results shown in Figure 6 are the variation characteristics of indoor temperature under different supply air 
velocity and the same heat gain form human body of 170W and supply air temperature of 19 ć, different supply air 
temperature and the same heat gain from human body of 100W and supply air velocity of 0.2 m/s, different heat 
1380   Yong Chen et al. /  Procedia Engineering  121 ( 2015 )  1375 – 1381 
gain from human body and the same supply air velocity of 0.3 m/s and supply air temperature of 19 ć, respectively. 
It can be seen from the Figure 6 that the indoor temperature shows a significant fluctuation along the height 
direction. According to related experiments, the indoor temperature show similar variation characteristics under mix 
ventilation condition and floor perforated panel ventilation condition. This is because the main factors for effecting 
the distribution of indoor temperature are natural convection induced by human thermal plume, forced convection 
induced by supply air jet flow and the circumfluence of forced convection, different factors plays the leading role at 
different location, so the strengthening effect is different along the height direction. 
 
 
Fig 6. The comparison of indoor air temperature under different supply air condition 
At the same time, when the ventilation airflow rate is greater, supply air temperature is higher and heat gain from 
human body is greater under other supply air conditions are the same, indoor temperature is higher. This is because 
forced convection induced by supply air jet flow will be stronger when ventilation airflow rate is greater and supply 
air temperature is higher. Besides, natural convection induced by human thermal plume is stronger when the heat 
gain from human body is greater. 
3.3Impact of globe temperature 
Globe temperature is affected by the surrounding temperature, thermal radiation and other comprehensive factors. 
The degree of globe temperature represents the feeling of human body on the radiant heat of surrounding 
environment indirectly. Globe thermometer is placed 0.3m behind human body in this experimental. The results are 
shown in Figure 7. 
 
Fig 7.  The contrast of globe temperature under different supply air condition 
1381 Yong Chen et al. /  Procedia Engineering  121 ( 2015 )  1375 – 1381 
The results shown in Figure 7 is the variation characteristics of globe temperature under different ventilation 
airflow rate but heat gain from human body of 170 W and supply air temperature of 19 ć, different supply air 
temperature but heat gain from human body of 100 W and ventilation airflow rate of 0.2 m/s, different heat gain 
from human body but ventilation airflow rate of 0.3 m/s and supply air temperature of 19 ć, respectively. It can be 
seen from the Figure 7 that ventilation airflow rate has little effect on globe temperature, which is mainly affected by 
supply air temperature and heat gain from human body. When the supply air temperature is higher and heat gain 
from human body is greater under the other same supply air conditions, globe temperature is higher. Meanwhile, the 
wall temperature is also mainly affected by supply air temperature and heat gain from human body. When the 
supply air temperature is higher and heat gain from human body is greater, wall temperature will be higher. 
Moreover, the globe temperature under mix ventilation and floor perforated panel ventilation is also mainly affected 
by supply air temperature and heat gain from human body. Namely when the supply air temperature is higher and 
heat gain from human body is greater, wall temperature will be higher. 
4. Conclusions 
As to displacement ventilation, the features of indoor human micro-thermal environment under displacement 
ventilation was determined for different ventilation airflow rate, supply air temperature and heat gain from human 
body. From human foot to the head region, both front and back of human body temperature emerge a trend of rise 
firstly but fall then. The temperature peaks of back and front human body appear at the height of about 1.6m and 
1.2m, respectively. Meanwhile, the temperature that 0.2m away from the ventilation outlet shows a significant 
fluctuation along the height direction. Wall temperature and globe temperature are mainly affected by the heat gain 
from human body and supply air temperature. The results provide reference for reasonably choosing ventilation 
conditions to improve indoor human thermal comfort under displacement ventilation. 
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